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PURIFICATION OF IMMUNOGLOBULINS 



Technical field 

The present invention relates to the field of antibody preparation, and more 
specifically to a separation matrix for isolation of antibodies. The invention 
also encompasses a chromatography column that comprises the novel matrix 
and a method of isolating antibodies. 

Background 

The immune system is composed of many interdependent cell types that col- 
lectively protect the body from bacterial, parasitic, fungal, viral infections and 
from the growth of tumour cells. The guards of the immune system are macro- 
phages that continually roam the bloodstream of their host. When challenged 
by infection or immunisation, macrophages respond by engulfing invaders 
marked with foreign molecules known as antigens. This event, mediated by 
helper T cells, sets forth a complicated chain of responses that results in the 
stimulation of B-cells. These B-cells, in turn, produce proteins called antibod- 
ies, which bind to the foreign invader. The binding event between antibody and 
antigen marks the foreign invader for destruction via phagocytosis or a:ctivation 
of the complement system. Five different classes of antibodies, or immuno- 
globulins, exist: IgA, IgD, IgE, IgG, and IgM. They differ not only in their 
physiological roles but also in their structures. From a structural point of view, 
IgG antibodies are a particular class of immunoglobulins that have been exten- 
sively studied, perhaps because of the dominant role they play in a mature im- 
mune response. 

The biological activity, which the immunoglobulins possess, is today exploited 
in a range of different applications in the human and veterinary diagnostic, 
health care and therapeutic sector. In fact, in the last few years, monoclonal an- 
tibodies and recombinant antibody constructs have become the largest class of 
proteins currently investigated in clinical trials and receiving FDA approval as 



therapeutics and diagnostics. Complementary to expression systems and pro- 
duction strategies, purification protocols are designed to obtain highly pure an- 
tibodies in a simple and cost-efficient manner. 

Traditional metitiods for isolation of immunoglobulins are based on selective 
reversible precipitation of the protein fraction comprising the immunoglobulins 
while leaving other groups of proteins in solution. Typical precipitation agents 
being ethanol, polyethylene glycol, lyotropic i.e. anti-chaotropic salts such as 
ammonium sulphate and potassium phosphate, and caprylic acid. Typically, 
these precipitation methods are giving very impure products while at the same 
time being time consuming and laborious. Furthermore, the addition of the pre- 
cipitating ^gent to the raw material makes it difficult to use the supernatant for 
other purposes and creates a disposal problem, which is particularly relevant 
when speaking of large-scale purification of immunoglobulins. 

Ion exchange chromatography is another well-known method of protein frac- 
tionation frequently used for isolation of immunoglobulins. However, since the 
charged ion exchange ligands will react with all oppositely charged com- 
pounds, the selectivity of ion exchange chromatography may be somewhat 
lower than other chromatographic separations. 

Protein A and Protein G affinity chromatography are popular and widespread 
methods for isolation and purification of immunoglobulins, particularly for 
isolation of monoclonal antibodies, mainly due to the ease of use and the high 
purity obtained. Used in combination with ion exchange, hydrophobic interac- 
tion, hydrxyapatite and/or gel filtration steps, especially protein A-based meth- 
ods have become the antibody purification method of choice for many bio- 
pharmaceutical companies. However, despite their common usage, there is a 
growing need and demand for effective alternatives addressing famihar prob- 
lems associated with protein A-based media, such as cost, leakage and instabil- 
ity at increased pH values. 



Hydrophobic interaction chromatography (HIC) is also a method widely de- 
scribed for isolation of immunoglobulins. However, hydrophobic matrices re- 
quire an addition of lyotropic salts to the raw material to make the immuno- 
globulin bind efficiently. The bound antibody is released from the matrix by 
lowering the concentration of lyotropic salt in a continuous or stepwise gradi- 
ent. If a highly pure product is the object, it is recommended to combine the 
hydrophobic chromatography with a further step. Thus, a disadvantage of this 
procedure is the necessity to add lyotropic salt to the raw material as this gives 
a d problem and thereby increased cost to the large-scale user. For other raw 
materials than cell culture supematants such as whey, plasma, and egg yolk the 
addition of lyotropic salts to tihe raw materials would in many instances be pro- 
hibitive in large-scale applications as the salt could prevent any economically 
feasible use of the immunoglobulin depleted raw mat^al. An additional prob- 
lem in large-scale applications would be the disposal of several thousand litres 
of waste. 

ThiophiUc adsorption chromatography was introduced by J. Porath in 1985 (J. 
Porath et al; FEBS Letters, vol. 185, p.306, 1985) as a new chromatographic 
adsorption principle for isolation of immunoglobulins. In this paper, it is de- 
scribed how divinyl sulphone activated agarose coupled with various Ugands 
comprising a free mercapto-group show specific binding of immunoglobulins 
in the presence of 0.5 M potassium sulphate, i.e. a lyotropic salt. It was postu- 
lated that the sulphone group, from the vinyl sulphone spacer, and the resultmg 
thioether in the ligand was a structural necessity to obtain the described speci- 
ficity and capacity for binding of antibodies. It was however later shown that 
the thioetiier could be replaced by nitrogen or oxygen if the ligand further 
comprised an aromatic radical (K. L. Knudsen et al. Analytical Biochemistry, 
vol. 201, p.l70, 1992). Although the matrices described for thiophiUc chroma- 
tography generally show good performance, they also have a major disadvan- 
tage in that it is needed to add lyotropic salts to the raw material to ensure effi- 



cient binding of the immunoglobulin, which is a problem for the reasons dis- 
cussed above. 

Other thiophilic ligands coupled to epoxy activated agarose have been dis- 
closed in (J. Porath et. al. MakromoL Chem., Makromol. Symp., vol. 17, p.359, 
1988) and (A. Schwarz et al., Journal of Chromatography B, vol. 664, pp. BB- 
SS, 1995), e.g. 2-merc^topyridine, 2-mercaptopyrimidine, and 2- 
mercaptothiazoline. However, all these affinity matrices still have inadequate 
affinity constants to ensure an efficient binding of the antibody without added 
lyotropic salts. 

US 6,498,236 (Upfront Chromatography) relates to isolation of immunoglobu- 
lins. The method disclosed involve the steps of contacting a solution that 
comprises a negatively charged detergent and contains inununoglobulin(s) with 
a solid phase matrix, whereby at least a part of the immunoglobulins becomes 
bound to the soUd phase matrix; and contacting the solid phase matrix with an 
eluent in order to liberate the immunoglobulin(s) from the soUd phase matrix. 
The immunoglobulin-containing solution is further characterised by having a 
pH in the range of 2.0 to 10.0, a total salt content corresponding to an ionic 
strength of at the most 2.0, and lyotropic salts in a concentration of at the most 
0.4 M. The detergent present in the solution is believed to suppress the adher- 
ence of other biomolecules to the matrix, and may be exemplified by octyl sul- 
phate, bromphenol blue, octane sulphonate, sodium laurylsarcosinate, and hex- 
ane sulphonate. The solid phase matrix is defined by the formula M-SPl-L, 
wherein M designates the matrix backbone, SPl designates a Ugand comprising 
a mono- or bicyclic aromatic or heteroaromatic moiety. 

Liu et al (Yang Liu, Rui Zhao, Dihua Shangguan, Hongwu Zhang, Guoquan 
Liu: Novel sulfmethazine ligand used for one-step purification of immuno- 
globulin G from human plasma. Journal of Chromatography B, 792 (2003) 
177-185) investigated the affinity of sulfmethazm (SMZ) to human IgG. Thus, 



a ligand is disclosed, which comprises a sulphonyl group wherein the R group 
is a heterocyclic ring. According to this article, SMZ was inmiobilised on 
monodisperse, non-porous, cross-linked poly(glycidyl methacrylate) beads. 
The beads were then used in high-performance affinity chromatography for 
isolation of IgG from human plasma. Maximal adsorption was achieved at pH 
5.5. The beads presented minimal non-specific interaction with other proteins. 
Thus, die ligands were capable of adsorbing antibodies, while their interaction 
with other proteins was just sufficient to provide retardation thereof in the ad- 
sorption buffer used. However, as is well known, ester compounds such as 
methacrylate are easily hydrolysed at increased pH values. Consequently, 
similar to Protein A and Protein G matrices, the therein disclosed separation 
matrix would be expected to unstable at the commonly used cleaning in place 
(cip) procedures. 

Thus, there is still a need of alternative methods for purification of antibodies 
or antibody constructs, which observe the demands of purity, safety, potency 
and cost effectiveness. 

Summary of the present invention 

Accordingly, one object of the present invention is to provide a separation ma- 
trix, which enables adsorption of antibodies at low ionic strengths at pH values 
around neutral. This can be achieved by the separation matrix as defined in 
claim 1. 

Another object of the present invention is to provide a separation matrix, which 
enables highly selective adsorption of antibodies, 

A specific object of the present invention is to provide a separation matrix to 
which antibodies are adsorbed, while other proteins are allowed to pass without 
any essential interaction. 
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A further object of the present invention is to provide a process of preparing a 
matrix for separation of antibodies, which comprises functional groups that en- 
able adsorption of antibodies by thiophilic, hydrophobic and/or hydrogen bond 
interactions, which method makes it easy to vary the Ugand structure. This can 
be achieved by immobilisation of amines and/or polyamines to a porous sup- 
port and a subsequent step of sulphonylating said inraiobilised amines. 

Yet another object of the invention is to provide a method of isolating antibod- 
ies from a liquid by adsorption thereof to a separation matrix, which method 
does not require any addition of detergent to achieve adsorption. 

Further objects and advantages will appear from the detailed description that 
follows. 

Brief description of the drawings 

Figure 1 shows some selected examples of sulphonylated amines with potential 
attachment points to a support. 

Definitions 

The terms "antibody" and "immunoglobulin" are used herein interchangeably. 
The term "ligand" means herein molecules or compounds capable of interac- 
tion with target compounds, such as antibodies. 

The term "spacer arm" means herein an element that distances a ligand from 
the support of a separation matrix. 

A "primary amine" is defined by formula RNH2, wherein R denotes an organic 
group. 

A "secondary amine" is defined by formula R2NH, wherein R denotes an or- 
ganic group. 

A sulphonyl group is defined by formula -S(=0)2R, wherein R denotes an or- 
gemic group. 



The term *'eluenf ' is used in its conventional meaning in this field, i.e. a buffer 
of suitable pH and/or ionic strength to release one or more compounds from a 
separation matrix. 

Detailed description of the invention 

In a first aspect, the present invention is a separation matrix comprised of a po- 
rous support to which ligands have been immobilised, optionally via spacer 
arms, wherein said ligands comprise one or more sulphonamides. In one em- 
bodiment, said ligands comprise at least one primary or secondary amine. 

The separation matrix can be used for isolation, such as purification or analysis, 
of antibodies and other compounds that exhibit equivalent binding properties, 
such as fusion proteins comprising an immunoglobulin part or antibody frag- 
ments. The present inventors have shown that antibodies can be purified at a 
high capacity and with an excellent selectivity using a separation matrix that 
comprises one or more sulphonamides. Contrary to the above discussed US 
6,498,236, which utilises aromatic or heteroaromatic moieties as ion exchange 
ligands for antibody purification, the present invention achieves purification 
without any need of adding detergent to the liquid that comprises antibodies 
before its contact wiih the matrix using uncharged ligands. 

As is well known, a sulphonamide is comprised of an amine, wherein at least 
one of the R groups of said amine is a sulphonyl group. In one embodiment of 
the present matrix, the R group of the sulphonyl is an aUphatic acyclic or cyclic 
group, such as a linear chain of 1-4, such as 1 or 2, carbons and/or heteroatoms 
from which one or more hydrogens may have been substituted with heteroa- 
toms. In one embodiment, the aliphatic R group of the sulphonyl is a methyl 
group. In an alternative embodiment, the aliphatic R group of the sulphonyl is 
an ethyl group. 



In an alternative embodiment, the R group of the sulphonyl is a substituted or 
unsubstituted aromatic group, such as a mono- or polyaromatic group. In yet 
another embodiment, the R group of the sulphonyl comprises botii aUphatic and 
aromatic groups. 

In one embodiment of the present separation matrix, the ligands are 
sulphonylated monoamines, such as cysteamine or ammonia. In an alternative 
embodiment, the ligands are sulphonylated polyamines, such as trietylen- 
tetraamine. Such sulphonylated polyamines may comprise any convenient 
number of amines, such as 2-10. In an illustrative embodiment, each polyamine 
comprises two to six amines. 

In a specific embodiment of the present separation matrix, the ligands are 
present as repetitive units of a polymer inraiobilised to the support. TTie 
polymer may be any suitable polyamine, such as polyalkyleneimine. In 
one embodiment, the polymer is a polyethylene amine. As the skilled per- 
son in this field will realise, the amine content of such a polymer may be 
varied, e.g. to comprise primary and/or secondary amines in any desired 
order. Thus, m one embodiment, the polymer exhibit two or more diffea:- 
ent ligand groups. The polymers are easily produced from suitable 
monomers according standard methods in this field. Methods of coupling 
the polyamines to a support are also well known and easily performed by 
the skilled person in this field, for example by in situ polymerisation or 
grafting of polymers, see e.g. PCT/SE02/02159 (Ihre et al). An advantage 
of this embodiment is that it enables convenient optimisation of the prop- 
erties of the separation matrix, e.g. by variation of the polymer length, 
branching etc. 



In one embodiment, the ligands are acyclic compounds. 



The porous support of the present separation matrix may be of any suitable 
material. In one embodiment, the support is comprised of a cross-linked carbo- 
hydrate material, such as agarose, agar, cellulose, dextran, chitosan, konjac, 
carrageenan, gellan, alginate etc. The support can easily be prepared according 
to standard methods, such as inverse suspension gelation (S Hjert^n: Biochim 
Biophys Acta 79(2), 393-398 (1964). Alternatively, the support is a commer- 
cially available products, such as Sepharose™ FF (Amersham Biosciences AB, 
Uppsala, Sweden), Thus, in one embodiment of tiie present matrix, the support 
is a cross-linked polysaccharide. In a specific embodiment, said polysaccharide 
is agarose. Such carbohydrate materials are commonly allylated before immo- 
biUsation of Hgands thereof. In brief, allylation can be carried out with allyl 
glycidyl ether, allyl bromide or any other suitable activation agent following 
standard methods. 

In an alternative embodiment, the porous support of the present separation ma- 
trix is comprised of cross-hnked synthetic polymers, such as styrene or styrene 
derivatives, divinylbenzene, acrylamides, acrylate esters, methacrylate esters, 
vinyl esters, vinyl amides etc. Supports of such polymers are easUy produced 
according to standard methods, see e.g. "Styrene based polymer supports de- 
veloped by suspension polymerization" (R Arshady: Chimica e L'Industria 
70(9), 70-75 (1988)). Alternatively, a commercially available product, such as 
Source™ (Amersham Biosciences AB, Uppsala, Sweden) can be surface- 
modified according to the invention. However, in this embodiment, the surf ace 
of the support is preferably modified to mcrease its hydrophilicity, usually be 
converting the majority of the exposed residual double bonds to hydroxyl 
groups. 

The present separation matrix in any suitable form, such as a chromatography 
matrix, e.g. in the form of essentially spherical particles or a monolith; a filter 
or membrane; a chip, a surface, capiUaries or tiie like. Thus, tiie present inven- 
tion also encompasses a chromatography colunm packed witii a separation ma- 



trix as described above. In an advantageous embodiment, the column is made 
from any conventional material, such as a biocompatible plastic, e.g. polypro- 
pylene, or glass. The column may be of a size suitable for laboratory scale or 
large-scale purification of antibodies. In a specific embodiment, the column ac- 
cording to the invention is provided with luer adaptors, tubing connectors, and 
domed nuts. Thus, the present invention also encompasses a kit comprised of a 
chromatography column packed with a separation matrix as described above; at 
least one buffer; and written instructions for purification of antibodies in sepa- 
rate compartments. In a specific embodiment, the present kit also comprises 
luer adaptors, tubing connectors, and domed nuts. 

In a second aspect, the present invention relates to a process of preparing a 
matrix for separation of antibodies, which method comprises a first step of im- 
mobilising amines and/or polyamines to a porous support and a subsequent step 
of sulphonylating said amines. The porous support may be as described above, 
and any standard metiiods for immobilisation may be used, see e-g. Immobi- 
lized Affinity Ligand Techniques, Hermanson et al, Greg T. Hermanson, A. 
Krishna Mallia and Paul K. Smith, Academic Press, INC, 1992. However, as 
the skilled person in this field will realise, some of the separation matrices may 
equally well be prepared by immobilisation of sulphonamides directly to the 
support, depending on the nature of the ligand. 

In a third aspect, the present invention is a method of isolating antibodies from 
a liquid, which method comprises the steps of 

(a) providing a liquid that comprises at least one antibody : 

(b) contacting said liquid with a separation matrix comprising one or more sul- 
phonamide groups, whereby one or more antibodies are adsorbed to said 
matrix; and, optionally, 

(c) passing an eluent over said matrix to release one or more antibodies; and 

(d) recovering at least one antibody from a fraction of the eluent. 



In this context, it is to be understood that the tenn "antibodies" also includes 
antibody fragments and any fusion protein that comprises an antibody or an 
antibody fragment. Thus, the present method is useful to isolate any inamuno- 
globulin-like molecule, which presents the binding properties of an antibody. 
The liquid comprising an antibody may for example be a Uquid originating 
from a cell culture producing antibodies or a fermentation broth, from which it 
is desired to purify one or more desired antibodies. Alternatively, the Uquid 
may be blood or blood plasma, from which it is desired to remove one or more 
antibodies to obtain a liquid which is pure in that respect. Thus, in one em- 
bodiment of the present method, tiie liquid provided in step (a) also comprises 
one or more other proteins than antibodies. As will be shown in the experi- 
mental part below, in general, the present method allows selective adsorption 
of antibodies at relatively low ionic strengths. Unexpectedly, the present in- 
ventors found that the use of a porous sqparation matrix that exhibits one or 
more sulphonamide groups enables the adsorption of antibodies while other 
proteins than antibodies are not adsoibed. Accordingly, the present method 
provides pure preparations of antibodies in high yields. The skilled person in 
this field can easily select the optimal conditions for each sulphonamide ligand 
stiucture using routine experimentation, as will be discussed in the experimen- 
tal part below. For example, it is well known in this field that properties of a 
separation matrix can be optimised by variation of either the nature of the gel; 
in this case, the R group of the sulphonamide, or the degree of substitution 
i.e. the ligand density on the support. The salt concentration in the adsorption 
buffer can also be optimised for each ligand. Thus, in one embodiment of the 
present invention, the adsorption of step (b) is provided at a salt concentration 
of about 0.25 M Na2S04. In a specific embodiment, the ligands comprise 
monoamines, and step (b) is performed at a salt concentration above about 0.5 
M Na2S04. 



The present method can use a separation matrix in any suitable form, such as a 
chromatography matrix, e.g. in the form of essentially spherical particles or a 
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monolith; a filter or membrane; a chip or the tike. Thus, in an advantageous 
embodiment, tiie separation matrix of step (b) is provided in a chromatography 
column. 

The support and the ligands of the separation matrix of step (b) may be anyone 
of the ones described above. 

As mentioned above, the present invention has unexpectedly shown that using 
the novel separation matrix according to the invention enables highly selective 
adsorption of antibodies at a neutral pH. Thus, in one embodiment, step (b) is 
performed at a pH of 6.5-8.3, such as 7.2-7.6, e.g. about 7.4. 

The antibodies adsorbed to the column are easily released by standard elution 
such as by use of an eluent of decreasing ionic strength. Thus, in one embodi- 
ment, step (c) is a gradient elution performed by adding an eluent of decreasing 
salt concentration to the separation matrix, preferably by passing said eluent 
over the matrix. The gradient may be of any shape, such as a linear or stepwise 
gradient. Other elution schemes are also useful, such as adding a competitive 
binder in the eluent, adding to the eluent a compound that displaces the ad- 
sorbed antibodies on the matrix, such as an alcohol, a salt etc, or providmg a 
temperatare change etc. 

Alternatively, the elution of step (c) is performed by an adjustment of the pH, 
such as a decrease or increase of pH. A pH adjustment can also be combined 
with a salt gradient, as discussed above. In a specific embodiment, step (b) is 
performed at a pH above neutral, and step (c) is a gradient elution performed 
by adding an eluent of decreasing pH. 

The present method is useful to recover any kind of monoclonal or polyclonal 
antibody, such as antibodies originating from mammalian hosts, such as mice, 
rodents, primates and humans, or antibodies originating from cultured cells 
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such as hybridomas. In one embodiment^ the antibodies recovered in step (d) 
are human or hinnanised antibodies. The antibodies may be of any class, i.e» 
selected from the group that consists of IgA, IgD, IgE, IgG, and IgM. In a spe- 
cific embodiment, the antibodies recovered in step (d) are immunoglobulin G 
(IgG). The present invention also encompasses the purification of fragments of 
any one of the above mentioned antibodies as well as fusion proteins compris- 
ing such antibodies. 

The present method allows quantitative adsorption of antibodies. Thus, in one 
embodiment, the present method encompasses a method as defined above and 
in addition a step (f) of determining the amount of antibody spectrophotometri- 
cally. Such methods and useful equipment are well known to the skilled person 
in this field. The present is also useful in analytical procedures. 

Finally, the present invention also relates to a separation matrix comprised of a 
porous support to which ligands have been immobilised, optionally via spacer 
arms, wherein said ligands comprise one or more acetamide groups. Such acet- 
amide groups may e.g. be triethylenetetramine. The support may be as de- 
scribed above in relation to the sulphonamide matrix* Immobilisation of acet- 
amide groups to a porous support is easily performed by the skilled person in 
this field following standard methods, such as the ones referred to above. This 
aspect of the invention also encompasses a method of liquid chromatography 
using a separation matrix comprising acetamide ligands. Such a method is use- 
ful for separation of biomolecules, such as proteins, virus, nucleic acids, such 
as DNA or RNA, plasmids etc. Suitable conditions for adsorption and elution 
are easily selected by the skilled person in this field. 

Detailed description of the drawing s 

Figure 1 shows some selected examples of sulphonylated amines with potential 
attachment points to a support. More specifically, figure 1 shows cysteamine; 
ammonia; diethylenetriamine; and triethylenetetramine. 
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EXPERIMENTAL PART 

The present examples are provided for illustrative purposes only, and should 
not be construed as limiting the scope of the present invention as defined by the 
appended claims. All references given below and elsewhere in the present 
specification are hereby included herein by reference* 

Example 1; Preparation of a sulphonamide separation matrix 

Provided below is the preparation of a separation matrix according to the in- 
vention, wherein the R group of the sulphonyl are aliphatic groups. 

General: 

Volumes of matrix refer to settled bed volume. 

Weights of matrix given in gram refer to suction dry weight. It is understood 
that these matrices are still water solvated material. 

For large scale reaction stirring is referring to a suspended, motor-driven stirrer 
since the use of magnet bar stirrer is prompt to damage the beads. Small-scale 
reactions (up to 20 ml or g of gel) were perforaied in closed vials and stining 
refers to the use of a shaking table. 

Conventional methods were used for the analysis of the functionality and the 
determination of the degree of allylation, epoxidation, or the degree of substi- 
tution of ion exchanger groups on the beads. These methods were eventually 
complemented by additional elementary analysis of the gels in particular for 
sulphur atom. 

One way to prepare an separation matrix according to the invention is exempli- 
fied below, starting from a crosslinked agarose gel (Sepharose™ 6 FF, Amer- 
sham Biosciences, Uppsala, Sweden). For each step, a specific example is de- 
scribed* 



A. Introduction of allyl proup on the matrix 

Sepharose™ was activated with allyl glycidyl ether as foUows: A 100 g quan- 
tity of Sepharose 6 FF was suction dried to 78g, mixed with 0,4 g of NaBH4, 1 1 
g of Na2S04 and 60 ml of 50% aqueous solution of NaOH. The mixture was 
stirred for 1 hour at 50 °C. After addition of 80 ml of allylglycidyl ether the 
suspension was left at 50 °C under vigorous stirring for an additional 20 hours. 
After filtration of the mixture, the gel was washed successively, with 500 mi 
distilled water, 500 ml etfaanol, 200 ml distilled water 200 ml 0.2 M acetic acid 
and, 500 ml distilled water. 

Titration gave a degree of substitution of 0.4 mmol of allyl/ml of gel. 
B. Introduction of amines eron ps on the matrix 

Apart from cysteamine, which immobilisation was performed under specific 
radical addition conditions, the amines groups were introduced on the matrix 
directly via the nitrogen atom of the amine groups. In a typical procedure, the 
coupling to the matrix was realised in preference via bromination of the allyl 
group and nucleophilic substitution under basic conditions. 

rygteflmi ne SeoharoseTM (Amersham Bioscie nces. Uppsala. Sweden) 
A 10 g quantity of allyl activated gel (0.4 mmol allyl groups/ ml drained gel) was 
washed with dioxane and transferred to a reaction vessel containing a solution of 
cysteamine-HCl (Ig) in 12 ml dioxane. The reaction was heated to 10°C and 
AIBN (0.9g) was added. The reaction was left 17 hours under stirring at 70 °C. 
After filtration of the reaction mixture, the gel was successively washed with 3x 
10 ml dioxane, 3x 10 ml ethanol, 3x 10 ml of distilled water, 3x 10 ml aqueous 
0,5 HCl and fmaHy 3x 10 ml of distilled water. Cysteamine Sepharose^M gel was 
obtained with a degree of substitution 0.34 mmol amines / ml of gel. 
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Activation of allvl Senhar ^^'^™ via hrnmination 

Bromine was added to a stirred suspension of 100 ml of aUyl activated Sepha- 
roseTM 6 FF (0.4 mmol allyl groups/ ml drained gel), 4 g of AcONa and 100 ml 
of distilled water, until a persistent yellow colour was obtained. Sodium for- 
mate was then added till the suspension was fully decolourised. The reaction 
mixture was filtered and the gel washed with 500 ml of distilled water. The ac- 
tivated gel was then directly transferred to a reaction vessel and further reacted 
with the appropriate ligand. 

Diethvlenetriamine Se pharose™ 

A 10 g quantity of bromine activated gel (0.4 mmol allyl groups/ ml drained 
gel) was transferred to a reaction vial containing a solution of diethylenetria- 
raine (12.5ml). The reaction was left 17 hours under stirring at 50 °C. After fil- 
tration of the reaction mixture the gel was successively washed with 3x 10 ml 
of distilled water, 3x 10 ml aqueous 0.5 HCl and finally 3x 10 ml of distilled 
water. Diethylenetriamine Sepharose^f^* gel was obtained with a degree of sub- 
stitution 0.56 mmol amines/ml of gel. 

Triethvle "^>ft*fa"^i"e Sepharose™ 

A 10 g quantity of bromme activated gel (0.4 mmol allyl groups/ ml drained 
gel) was transferred to a reaction vial containing a solution of triethylenetetra- 
mine (12.5ml). The reaction was left 17 hours under stirring at 50 °C. After fil- 
tration of the reaction mixture, the gel was successively washed with 3x 10 ml 
of distilled water, 3x 10 ml aqueous 0.5 HCl and finally 3x 10 ml of distilled 
water. Triethylenetetramine Sepharose^M gel was obtained with a degree of 
substitution 0.62 mmol amines / ml of geL 

Pentaethvlenehexa mine Sepharose™ 

A 10 g quantity of bromine activated gel (0.4 mmol allyl groups/ ml drained 
gel) was transferred to a reaction vial containing a solution of pentaethylene- 



hexamine (12.5nil). The reaction was left 17 hours under stirring at 50 Af- 
ter filtration of the reaction mixture the gel was successively washed with 3x 
10 ml of distilled water, 3x 10 ml aqueous 0.5 HO and finally 3x 10 ml of dis- 
tilled water. Pentaethylenehexamine Sepharose^M gel was obtained with a de- 
gree of substitution 0.61 nimol amines / ml of gel. 

Polvetfavlep ftitninft Sepharose^M 

A 10 g quantity of bromine activated gel (0.4 mmol allyl groups/ ml drained gel) 
was transferred to a reaction vial containing a solution of 12.5ml polyethyle- 
neimine (50% in water). The reaction was left 17 hours under stirring at 50 "C. 
After filtration of the reaction mixture the gel was successively washed with 3x 
10 ml of distilled water, 3x 10 ml aqueous 0.5 HCl and finally 3x 10 ml of dis- 
tiUed water. Polyethyleneimine Sepharose™ gel was obtained with a degree of 
substimtion 0.45 mmol amines / ml of gel. 

Ammonia Sepharose™ 

1) A 10 g quantity of bromine activated gel (0.32 mmol allyl groups/ ml 
drained gel) was transferred to a reaction vial containing a solution of sodium 
azide (1 g) in water (3 ml) that has been adjusted to pH 12 by addition of a 50 
% aqueous solution of NaOH. The reaction was left 17 hours under stirring at 
50 °C. After filti^tion of the reaction mixture the gel was successively washed 
with 3x 20 ml of distilled water and 3x 10ml DMF. The drained gel was fur- 
tiier reduced in a solution of DTE (1 .5g) and DBU (1 .2ml) in DMF (7.5ml), 
stirred for 18h at room temperature. After fitaation of the reaction mixtiire the 
gel was successively washed with 3x 10 ml DMF, 3x 10 ml ethanol and finally 
3x 10 ml of distiUed water. Amine SepharoseTM gel was obtained with a degree 
of substitution 0.21 mmol amine group/ ml of gel. 

2) A 10 g quantity of bromine activated gel (0.4 mmol allyl groups/ ml drained 
gel) was tiansferred to a reaction vial containing a solution of sodium azide (1 
g) in water (3 ml) that has been adjusted to pH 12 by addition of a 50 % aque- 



ous solution of NaOH. The reaction was left 17 hours under stirring at 50 °C. 
After filtration of tiie reaction mixture the gel was successively washed wilii 3x 
20 ml of distilled water and 3x 10ml DMF. The drained gel was further re- 
duced in a solution of DTE (1 .5g) and DBU (1 .2ml) in DMF (7.5ml), stirred for 
18h at room temperature. After filtration of the reaction mixture the gel was 
successively washed with 3x 10 ml DMF, 3x 10 ml ethanol and finally 3x 10 
ml of distilled water 

Amine Sepharose™ gel was obtamed with a degree of substitution 0.26 mmol 
amine group/ ml of gel. 

C. Derivatiyation witii sulphonyl chloride 
General method 

A 5 g quantity of amine coupled gel was washed with 3x 10 ml etiianol fol- 
lowed by 3x 10ml DCM (dichloromethane). The gel was transferred to a vial 
and DCM (2ml) and 3.3 equivalents of DIPEA were as weU added, and tiie 
mixture stirred for 5 minutes. After dropwise addition of 3 equivalents of 
Metiiylsulphonyl chloride dissolved in DCM (3ml), the reaction mixture was 
stirred at room temperature for 18h. 

After filtration of the reaction mixture tiie gel was successively washed with 3x 
10 ml DCM, 3x 10 ml ethanol, 3x 10 ml of distilled water, 3x 10ml 0.5M HCl 
and finally 3x 10 ml of (tistilled water. 

VxsanrAe 2; Selective Adsorp tion of IgG 

To test if the new non-aromatic sulphonamide ligands according to the inven- 
tion adsorb human immunoglobuUn (IgG) selectively, (he adsorptivity of IgG 
and three different model protems was been tested at various contWtions. The 
principle of the test method was that proteins were injected (15 ]iY) into an 
HR5/5 column (containing the sulphonamide ligands inrniobihsed on Sepha- 
roseTM Fast How (Amersham Biosciences, Uppsala, Sweden) equilibrated with 
tiie A-buffer (containing a salt and a buffer component). Fifteen ml of A-buffer 
was then pumped through the column; tiien a 5-ml linear gradient from A- 



buffer to B-buffer (with B-buffer containing buffer component without salt) 
was applied (see UNICORN™ method below). The chromatographic profiles 
were then monitored at 280, 254 and 215 nm. 

To evaluate the amount of sample adsorbed and amount of sample eluted from 
the column, the same amount of sample appUed to the column was also injected 
directly tO the monitor and the response was integrated. 

Experimental 

Six combinations of adsorption (Buffer A#) and desorption buffers (Buffer B#) 
were used: 

1. Buffer Al: 20 mM phosphate buffer (pH 7.4) with 0.50 M Na2S04 
Buffer Bl: 20 mM phosphate buffer (pH 7.4) 

2. Buffer A2: 20 mM phosphate buffer (pH 7.4) with 0.25 M Na2S04 
Buffer B 1 : 20 mM phosphate buffer (pH 7.4) 

3. Buffer A3: 20 mM acetate buffer (pH 4.0) with 0.50 M Na2S04 
Buffer B2: 20 mM acetate buffer (pH 4.0) 

4. Buffer A4: 20 mM acetate buffer (pH 4.0) with 0.25 M Na2S04 
Buffer B2: 20 mM acetate buffer (pH 4.0) 

5. Buffer A2: 20 mM phosphate buffer (pH 7.4) with 0.25 M Na2S04 
Buffer B3: 100 mM acetate buffer (pH 4.0) 



6.Buffer A5: 20 mM Glycine buffer (pH 10.0) with 0.50 M Na2S04 
Buffer B4: 20 mM Glycine buffer 



Sample 

The samples used were bovine seram albumin (BSA), ribonuclease A (RIB A), 
transferrin (TRANSF) and human immunoglobulin (IgG, Gammanorm). The 
proteins were dissolved in the A-buffers at a concentration of 15 mg/ml and 
only one protein at a time was applied into the column. 



Instrumental 
Apparatus 

Liquid Chromatography 

(LC) System: AKTA™ Explorer 10 XT or equal 

Software: UNICORN™ 

Injection loop: Superloop™ 15 \lI 

Column: HR 5/5 



Iiis1i*iiment parameters 

Flow rate: 0.5 ml/min 

Detector cell: 10 mm 

Wavelength: 280, 254 and 215 nm 

UNICORN™ method 

Main method: 



0.00 Base CV, 1 .00 { ml } , Any 

0.00 ColumnPosition PositionlBypass 

0.00 AutoZeroUV 

0.00 Wavelength 280 {nm} 254 {nm} 215 {nm} 

1.00 Wavelengdi 280 {nm} 254 {nm} 215 {nm} 

1.10 InjectionPartial (1)#VIAL,10#INJVOL1 



{^Ll}, No, NoAir 
1.10 AutoZeroUV 

4.00 ColumnPosition (Position2)KOLONN 
5,00 InjectionPartial (l)#VIAL2,10#INJVO2 

{^il}, No, NoAir 
20.00 Gradient 100 {%B}. 2.00 {base} 
25.00 Gradient 100 {%B}, 0.00 {base} 
25.10 Gradient 0 {%B}, 1 {base} 
29.00 Gradient 0 {%B}, 0 {base} 
34.00 Gradient 0 {%B}, 0 {base} 
34.10 End method 

Results and discussion 
1 (si) Sulphonamide lieands: Adsorption at oH 7 .4 and conditions for desorp- 

tion 

To document if non-aromatic sulphonamide ligands selectively adsorb immu- 
noglobulines, human IgG has been applied to a 1 ml column (HR 5/5) packed 
with the new matrices according to the invention. In addition, the proteins bo- 
vme serum albumin (BSA), ribonuclease A (RIB A) and transferrin (TRANSF) 
were also applied. Five different buffers with different pH and different content 
of salt (Na2S04) were used as adsorption buffers. In Table 1 and 2, the results 
from pH 7.4 (Buffers Al and A2) are presented. As appears from Table 1 be- 
low, when 0.25 M of Na2S04 was added to the mobile phase, BSA, RIB A and 
TRANSF were not adsorbed to the ligands investigated. However, IgG was 
quantitatively adsorbed to three of die four ligands based on polyamines and 
90% of the applied IgG was adsorbed to the fourth Ugand, i.e. the ligand based 
on triethylenetetramine. Furthermore, only one of the ammonias (monamines), 
i.e. the ligand based on cysteamine, adsorbed IgG. 



22 



Table 1 

Adsorbed amount of bovine seram albumin (BS A), ribonuclease A (RIB A), 
transferrin (TRANSF) or human immunoglobulin (IgG) on different sulphona- 
mide Ugands using 20 mM phosphate buffer (pH 7.4) with 0.25 M Na2S04 
(Buffer A2) as adsorption buffer. 



Sulphonamide li- 
gands^ 


Relative adsorbed amount (%)" 




BSA 


RIBA 


TRANSF 


IgG 


Cysteamine 


0 


0 


0 


50 


Triethylene- 
tetramine 


0 


0 


0 


90 


Diethylenetriamine 


0 


0 


0 


100 


Pentaethylene- 
hexamine 


0 


0 


0 


100 


Polyethyleneimine 


0 


0 


0 


100 


Ammonia 1 


0 


0 


0 


0 


Ammonia 2 


0 


0 


1 ^ 


0 



" The ligands have been converted to sulphonamide via reaction with 
CH3SO2CI (See the section for preparation of sulphonamide media). 
^ The relative adsorbed amount: ((Adsorbed amount/Applied amount) x 100). 
The adsorbed amount was calculated according to: (Applied amount - the 
amount eluted with the adsorption buffer) 



As appears from Table 2 below, if a mobile phase with a higher ionic strength 
(Buffer Al; 0.50 M of Na2S04) was used, transferrin was partly adsorbed to 
some of the ligands (Table 2) and IgG was adsorbed to aU ligands. The most 
selective ligands were the sulphonamide Hgands based on diethylenetriamine, 
polyethyleneunine and Ammonia 1 (Table 2) since BSA, RIB A and TRANSF 
were not adsorbed to these ligands. 
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Table 2 

Adsorbed amount of bovine serum albumin (BSA). ribonuclease A (RIB A), 
transferrin (TRANSF) or human immunoglobulin (IgG) on different sulphona- 
mide ligands using 20 mM phosphate buffer (pH 7.4) with 0.50 M NazSO* 
(Buffer Al) as adsorption buffer. 



Sulphonamide li- 
gands^ 


Relative adsorbed amount i%f 




BSA 


RIB A 


TRANSF 


IgG 


Cysteamine 


10 


5 


5 


95 


Triethylene- 
tetramine 


0 


0 


0 


95 


Diethylenetriamine 


0 


0 


0 


100 


Pentaethylene 
hexamine 


0 


0 


10 


100 


Polyethyleneimine 


0 


0 


0 


100 


Ammonia 1 


0 


0 


0 


100 


Ammonia 2 


0 


0 


0 


60 

.! 



^ The ligands have been converted to sulphonamide via reaction with 
CH3SO2CI (See the section for preparation of sulphonamide media). 
^ The relative adsorbed amount: ((Adsorbed amount/Applied amount) x 100). 
The adsorbed amount was calculated according to: (Applied amount - the 
amount eluted with the adsorption buffer) 



The results presented above show that depending on the ion strength of the pH 
7.4 adsorption buffer, different sulphonamide Hgands will be optimal for IgG 
adsorption. 

An ideal adsorbent for immunoglobulin must not only have a significant selec- 
tivity but should also be able to permit an efficient elution. Most of the ad- 
sorbed IgG could easily be desorbed with 20 mM phosphate buffer (pH 7.4) 



with no salt added. Adsorption of IgG using buffer Al as mobile phase resulted 
in a recovery of 70-100% of the adsorbed IgG when desorption buffer Bl was 
used. However, IgG was more difficult to elute when adsorbed with buffer A2, 
but could easily be desorbed by using buffer B3 (100 mM acetate buffer, pH 
4.0). 



1 (hV .Snlphonptnirlft ligands: A H«nr ptinn at pH 4.0 and condirions for desorp- 
tion 

As appears from Table 3 and 4 below, adsorption of IgG at acidic conditions is 
clearly not as selective as adsorption at pH 7.4. By using 20 mM acetate buffer 
(pH 4.0) with addition of 0.25 M Na2S04 (Buffer A4) as adsorption buffer, the 
ligands based on cysteamine, triethylenetetiramine and diethylenetriamine ad- 
sorb 40, 40 and 60%, respectively, of die appUed amount of IgG (Table 3). At 
the same conditions ribonuclease A and transferrin are not adsorbed. However, 
90, 10 and 100% of applied bovine serum albumin are adsorbed to the Ugands 
based on cysteamine, trietiiylenetetramine and dietfiylenetiiamine, respectively. 

Table 3 

Adsorbed amount of bovine serum albumin (BSA), ribonuclease A (RIB A), 
transferrin (TEIANSF) or human immunoglobulin agG) on different sulphona- 
mide ligands using 20 mM acetate buffer (pH 4,0) with 0.25 M NaaSO^ (Buffer 
A4) as adsorption buffer. 



Sulphonamide li- 
gands^ 


Relative adsorbed amoimt (%) 




BSA 


RIB A 


TRANSF 


IgG 


Cysteamine 


90 


0 


0 


30 


Triethylene- 
tetramine 


10 


0 


0 


30 


Diethylenetriamine 


100 


0 


0 


60 



25 



Pentaethylene- 
hexamine 


0 


0 


0 


10 


Polyethyleneimine 


0 


0 


0 


0 


Ammonia 1 


20 


0 


0 


0 


Ammonia 2 


na 


na 


na 


0 



CH3SO2CI (See the section for preparation of sulphonamide media). 

" The relative adsorbed amount: ((Adsorbed amount/Applied amount) x 100). 

The adsorbed amount was calculated according to: (Applied amount - the 

amount eluted with the adsorption buffer) 

na: Not analysed. 



The results above show that the Ugand based on triethylenetetramine is the 
most selective of the ligands tested for IgG. The sample IgG contains sub- 
classes of different immunoglobulins (59% of IgG 1, 36% of IgG 2, 4,9% of 
IgG 3 and 0.5% of IgG 4). If the salt content in the adsorption buffer increases, 
the selectivity for IgG decreases as a result of adsorption of the other proteins. 
In Table 4 results are presented for buffer A3 (20 mM acetate buffer (pH 4.0) 
with 0.50 M Na2S04) used as adsorption buffer. It is clearly shown that both 
ribonuclease A and transferrin are adsorbed to some of the ligands. Further- 
more, bovine serum albumin is adsorbed to a higher degree with buffer A3 
compared to when buffer A4 was used (Table 3 and 4). The ligand that is most 
selective when buffer A3 is used seems to be the one based on pentaethylene- 
hexamine since only 10, 20 and 10% are adsorbed of applied amount of BSA 
RIB and TRANSF, respectively. This can be compared to IgG where 50% of 
the applied amount is adsorbed (Table 4). 
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Table 4 

Adsorbed amount of bovine serum albumin (BSA), ribonuclease A (RIB A), 
transferrin (TRANSF) or human immunoglobulin (IgG) on different sulphons 
mide ligands using 20 mM acetate buffer (pH 4.0) with 0.5 M Na2S04 (Buffe 
A3) as adsorption buffer. 



Sulphonamide li- 
gands^ 


Relative adsorbed amount (%)" 




BSA 


RIB A 


TRANSF 


IgG 


Cysteamine 


100 


80 


70 


100 


Triethylene- 
tetramine 


50 


80 


45 


70 


Diethylenetriamine 


100 


100 


0 


100 


Pentaethylene- 

hexamine 


10 


20 


10 


50 


Polyethyleneimine 


0 


40 


0 


10 


Ammonia 1 


100 


30 


0 


100 


Ammonia 2 


10 


40 


0 


20 



* The ligands have been converted to sulphonamide via reaction with 
CH3SO2CI (See the section for preparation of sulphonamide media). 
^ The relative adsorbed amount: ((Adsorbed amount/Applied amount) x 100). 
The adsorbed amount was calculated according to: (Applied amount - the 
amoimt eluted with the adsorption buffer) 



(Quantitative desorption of all adsorbed samples was easily accomplished by 
buffer B2 (20 mM acetate buffer, pH 4.0). 

1 (cV. Sulphonamide hsands: Adsorption at pH 10.0 and conditions for desorp- 
tion 

A few experiments have been conducted at pH 10.0, and according to Table 5 it 
can be seen that IgG is quantitatively adsorbed to the ligands based on cys- 
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teamine and triethylenetetramine by using adsorption buffer AS (20 mM Gly- 
cine buffer (pH 10.0) wifli 0.5 M Na2S04). However, only 10% of the adsorbed 
amount of IgG could be eluted with desorption buffer B4 (20 mM Glycine 
buffer). To obtain quantitative desorption of IgG the pH has to be changed to 
acidic conditions, for example by using desorption buffer B3 (100 mM acetate 
buffer, pH 4.0). 

Tables 

Adsorbed amount human immunoglobulin (IgG) on two different sulphona- 
raide Ugands using 20 mM acetate buffer (pH 4.0) with 0.50 M Na2S04 (Buffer 
A3), 20 mM phosphate buffer (pH 7.4) with 0.50 M Na2S04 (Buffer Al) or 20 
mM Glycine buffer (pH 10.0) with 0.5 M Na2S04 (Buffer AS) as adsorption 
buffers. 



Sulphonamide li- 
gands^ 


Relative adsorbed amount of IgG (%)" 




pH4.0 


pH7.4 


pH 10.0 


Cysteamine 


100 


95 


100 


Triethylene- 
tetramine 


70 


95 


100 



CH3SO2CI (See the section for preparation of sulphonamide media). 
^ The relative adsorbed amount: ((Adsorbed amount/AppUed amount) x 100). 
The adsorbed amount was calculated according to: (Applied amount - the 
amount eluted with the adsorption buffer) 



Fvamnlc 3: Comparison between CH^S O^Cl and CH.COCl modified 
amine ligands (mettivlsulphonamide a nd acetamidc Mgands) 
In order to verify that sulphonamide structures according to the invention inter- 
act with antibodies more strongly than acetamide ligands, two ligands of each 
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type were prepared based on the two amine Ugands triethylentetramine and 
cysteamine (according to example 2, experimental section, above). In Table 6 
below, the results of IgG adsorption for four different buffer systems (Buffers 
Bl-3 and B5) are presented. As appears clearly from Table 6, (he sulphonamide 
structures according to the invention adsorb IgG more effectively at all investi- 
gated conditions compared to the acetamide ligands. The acetamide ligand 
based on cysteamine was the only ligand that could adsorb IgG (50% of the 
amount apphed) when buffers Al and A5 were used as adsorption buffers. 
However, this Hgand was unable to adsorb IgG when the salt concentration de- 
creased from 0.5 M to 0.25 M Na2S04 in 20 mM phosphate buffer (pH 7.4). 
Both methylsulphonamide Ugands adsorb IgG at all investigated conations. 
These results clearly indicate that methylsulphonamide hgands according to the 
invention are better IgG adsorbers than acetamide-ligands. 



Table 6 

Adsorbed amount of human immunoglobulin (IgG) on sulphonamide and acet- 
amide hgands at four different adsorption buffers. 



Ligands 


Relative adsorbed amount of IgG (%) 




Buffer Al' 


Buffer A2"' 


Buffer A3*= 


Buffer A5" 


Methylsulphonamide de- 
rivative^ of triethylentet- 
ramine 


95 


90 


100 


100 


Methylsulphonamide de- 
rivative^ of cysteamine 


95 


50 


70 


100 


Acetamide derivative of 
triethylenetetramine 


0 


0 


0 


0 


Acetamide derivative' of 
cysteamine 


50 


0 


0 


50 



Buffer Al: 20 mM phosphate buffer (pH 7.4) with 0,50 M NajSO* 
Buffer A2: 20 mM phosphate buffer (pH 7.4) with 0.25 M NajSO* 



Buffer A3: 20 mM acetate buffer (pH 4.0) with 0.50 M Na2S04 
Buffer A5: 20 mM Glycine buffer (pH 10.0) with 0.50 M Ns^SOa 

* The ligand has been converted to sulphonamide via reaction with CH3SO2CI 

(See the section for preparation of sulphonamide media). 

^ The ligand has been converted to amide via reaction with CH3COCI (See the 

section for preparation 
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CLAIMS 

1. A separation matrix comprised of a porous support to which ligands have 
been immobilised, optionally via spacer arms, wherein said ligands com- 
prise one or more sulphonamides- 

2. A matrix according to claim 1, wherein the R group of the sulphonyl is an 
aliphatic compound. 

3. A matrix according to claim 2, wherein the R group is a methyl group. 

4. A matrix according to any one of claims 1-3, wherein the nitrogen of the 
sulphonamide is a primary or secondary amine. 

5. A matrix according to any one of claims 1-4, wherein the ligands are mono- 
amines, 

6. A matrix according to any one of claims 1-4, wherein the ligands are poly- 
amines. 

7. A matrix according to claim 6, wherein each poly amine comprises two to 
six amines. 

8. A matrix according to claim any one of the preceding claims, wherein the 
ligands are present as repetitive units of a polymer immobilised to the sup- 
port. 

9. A matrix according to claim 8, wherein the polymer is a polyethylene 
imine. 

10. A matrix according to claim 8 or 9, wherein the polymer exhibit two or 
more different ligand groups, 

1 1. A matrix according to claim any one of the preceding claims, wherein the 
ligands are aliphatic compounds. 

12. A matrix according to any one of the preceding claims, wherein the support 
is a cross-linked polysaccharide. 

13. A chromatography column packed with a separation matrix as defined in 
any one of claims 1-12. 

14. A process of preparing a matrix for separation of antibodies, which method 
comprises a first step of immobilising amines and/or polyamines to a po- 
rous support and a subsequent step of sulphonylating said amines. 



15. A method of isolating antibodies from a liquid, whicli method comprises the 
steps of 

(a) providing a liquid that comprises at least one antibody: 

(b) contacting said liquid with a separation matrix comprising one or more sul- 
phonamide groups, whereby one or more antibodies are adsorbed to said 
matrix; and, optionally, 

(c) passing an eluent over said matrix to release one or more antibodies; and 

(d) recovering at least one antibody from a fraction of the eluent. 

16. A method according to claim 15, wherein the liquid provided in step (a) 
also comprises one or more other proteins. 

17. A method according to claim 15 or 16, wherein the separation matrix of 
step (b) is provided in a chromatography column. 

18. A method according to any one of claims 15-17, wherein the separation 
matrix of step (b) is as defined in any one of claims 1-12, 

19. A method according to claim 18, wherein step (b) is performed at a close to 
neutral pH, such as pH 7.2-7.6, preferably about 7.4. 

20. A method according to any one of claims 15-19, wherein step (c) is a gradi- 
ent elution performed by adding an eluent of decreasing salt concentration 
to the separation matrix. 

21. A method according to any one of claims 15-20, wherein step (b) is per- 
formed at a pH of or above neutral and step (c) is a gradient elution per- 
formed by adding an eluent of decreasing pH. 

22. A method according to any one of claims 15-21, wherein the antibodies re- 
covered in step (d) are human or humanised antibodies. 

23. A method according to any one of claims 15-22, wherein the antibodies re- 
covered in step (d) are inraiunoglobulin G (IgG). 

24. A method of determining the quantity of an antibody, which method en- 
compass a method as defined in any one of steps 15-23 and in addition a 
step (f) of determining the amount of antibody spectrophotometrically. 
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ABSTRACT 

The present inventioii relates to a separation matrix comprised of a porous sup- 
port to which ligands have been immobilised, wherein said ligands comprise at 
least one sulphonamide. In one embodiment, the R group of the sulphonyl is an 
aliphatic compound. The nitrogen of the sulphonamide may be a secondary or 
tertiary amine. The invention also relates to a chromatography column that 
contains the described separation matrix, as well as to a method of isolating 
immunoglobulin-like compounds by adsorption to the separation matrix. 
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Figure 1: Selected examplesf of sulphonylated amines with potential attacliment point 



